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INTRODUCTION 
Consideration of the sediment problem has been of inter­
est to mankind for centuries. It would doubtless be found 
that the early Egyptians had studied sediment problems in the 
Nile and that the Babylonians were concerned with sedimenta­
tion in the Tigris and Euphrates rivers. The earliest record 
which the writer has found is a reference by Mavis, Liu* and 
Soucek (20) who cite the work of C. H. Pan. Pan, an officer 
and river expert of the Ming dynasty (I368-I6I4.3) in China, 
studied the problems of the Yellow River of that country for 
27 years (1565-1591) and published a ll|. volume work titled 
"General Features of River Control" in 1590. 
Study of sediment transportation and deposition has con­
tinued to the present day, and a bibliography prepared by the 
Soil Conservation Service and other agencies (28) and issued 
in November 1950 contains over I4.OOO entries. In spite of the 
mass of research on this topic Brown (3,p.2) states, in reference 
to the sediment problem, "Probably in no other branch of hy­
draulics is there currently (19l|.9) such a great disparity be­
tween the information needed and the information available," 
The Sedimentation Problem 
Brown (3) lists seven principal sources of stream-borne 
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sediment, namely: 
1, Sheet erosion by surface runoff, 
2. Qullying, 
3> Stream ehannel erosion, 
4* Mass movements of soil, 
5* Flood erosion, 
6. Erosion incident to cultural developments, 
7* Mining, industrial, and sewage wastes. 
Sediment from these sources must be considered in the design 
and management of harbors, rivers, canals, drainage ditches, 
and reservoirs. Brown (3) has estimated that the average 
gross sediment production in the United States is about 
4,000,000,000 tons per year. As this material moves down­
stream and is deposited, re-suspended, and deposited in ever-
recurring cycles it causes incalculable damage to the works of 
man. 
Sedimentation in the United States 
Brown (3) gives the following information concerning the 
magnitude of the sediment problmn in the United States. Sedi­
mentation damage in the 1000 largest reservoirs amounts to an 
estiBiated #50,000,000 annually. Deposition in harbors re­
sulted in maintenance-dredging costs of #11,000,000 in 1941* 
Agricultural losses of #150,000,000 annually result from depo­
sition of sediment and scouring of flood plain areas, and an 
additional |^ 27»000,000 annually is required for maintenance-
dredging of irrigation and drainage ditches# These figures 
total $236,000,000 annually and do not include damage to 
thousands of small reservoirs nor to the miles of drainage 
ditches which are not maintained after sedimentation. 
The sediment load of the Mississippi River at its mouth 
is estimated at 700,000,000 tons annually. This represents 
the six-inch plow layer from 860,000 acres. The total load of 
all streams emptying into the oceans is estimated at 912,000,-
000 tons annually. 
Theories of sediment transportation 
Three modes of transportation of sediment are generally 
recognized. They are defined in a report issued by the U, S. 
Corps of Engineers (31) &s: 
Suspended sediment—Sediment which remains in sus­
pension in flowing water for a considerable period of 
time without contact with the stream bed. 
Saltation load—Sediment which moves in a series of 
low arcs ending at the stream bed. 
Bed-load—Sediment which moves in almost continuous 
contact with the stream bed, being rolled or pushed along 
the bottom by the force of the water. 
A number of theoretical and empirical relationships have 
been developed relating the quantities of sediment transported 
to certain parameters of the stream flow. While these de­
velopments mark progress toward the solution of a complex 
problem, the state of knowledge concerning sediment transporta­
tion has been summed up by Brown (3,p.31) with the comment that 
For the time being, therefore, it must be 
frankly admitted that the science of hy­
draulics is no closer to the prediction of 
the total load than the recognition of the 
general parameters which are involved. 
Nevertheless a few of the theoretical and empirical relation­
ships will be cited as they do cast some light on the complex 
nature of the problem. It is not the author's intention to 
review the voluminous literature covering these studies but 
rather to mention a few examples of developments in this 
field. 
Bed-load. Kalinske (13) has derived an analytical ex­
pression for the rate of bed-load movement as a function of 
the density of the particles of bed-load material, the size 
distribution of the particles, the bottom shear of the flow, 
and the acceleration of gravity. He has applied the func­
tional relationship to experimental results from a wide range 
of conditions with close agreement. This analysis was based 
upon fundamental knowledge of turbulent fluid flow, and the 
functional relationship derived is free from empiricism but 
involves the assumption of equivalent spherical particles 
commonly used in working with soil materials. 
Earlier approaches to the problem of bed-load transporta­
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tion were largely «apirical. The work of Mavis, Ho, and 
Tu (19) and MaviSi Liu, and Soucek (20) is representative of 
such studies^  They analyzed esqperimental data from tests 
with particle diameters ranging frcaaa 5.7 to 0.20 torn, and 
specific gravities ranging frcHii l,d3 to 2.66 and found that 
the competent bottom velocity, 
Vo • 1/2 d4/9 (8-1)1/2, 
where: 
Vo • competent bottom velocity in feet per second, 
d « particle diameter in millimeters, 
S » specific gravity of the particles. 
This expression is, of course, non-homogeneous and is re­
stricted to the range of variables investigated. 
Saltation load. An analysis of the height of bounce of 
particles transported by saltation has been made by Ralinske 
(12}• He expressed the height of rise of a bouncing particle 
as a function of the density of the particle and of the fluid, 
the roughness of the bed, the fluid velocity, and a drag coef­
ficient. The height of bounce was found to be directly pro­
portional to the ratio of the density of the grain to the 
density of the fluid, and It was shown that bounce of sand in 
water could only amount to a few grain diameters. Kalinske 
concluded that saltation was a relatively unimportant factor 
in the total transportation of sediment by water. 
Suspended sediment. Rouse (25) reviewed the derivation 
of th« expression, 
for the concentration of suspended sediment at any point in 
the Tertieal related to the ecsieentratlon at some reference 
point, Inheres 
N « concentration of particles of settling 
Telocity c at a point x vertical, 
h • total depth of open channel flow, 
y • distance aboTe stream bed, 
eoncentratlon of particles of settling 
velocity c at a distance a above the stream 
bed, 
k • von Kanaan*s universal constant, 
« density of the fluid, 
 ^• fluid shear at bottom of channel• 
A development suggested by Lane and Kallnske (17) and 
modified by Kirkhcui (15) relates the eoncentratlon of sus­
pended material in the zero level of suspension to the con<» 
centration of the same slse material In the bed. It might be 
hoped that combining this expression vdth the previously 
mentioned equation for would yield a complete solution 
for suspended load In equilibrium with the bed. However, this 
necessitates replacing a in the expression for N/N^  by sero 
which results in the function becoming meaningless. No satis­
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factory solution of this problem based on the theoretical ap­
proach has been found by the writer in a review of the liter­
ature through I9I4.9. 
The Little Sioux Watershed Flood Control Program 
The 78th Congress authorized the Department of Agricul­
ture to carry out a watershed treatment program in the Little 
Sioux watershed of western Iowa. The work is being carried 
on under the direction of the Soil Conservation Service and 
consists of mechanical and agronomic measures to control 
erosion, reduce downstream flood and sediment damages* and 
increase the agricultural income of the area. 
Description of the watershed 
The Little Sioux watershed is located primarily in north­
western Iowa as shown in Figure 1. The watershed includes 
square miles* two-thirds of which lie in the Missouri 
Basin Loess Hill area, aottsohalk and Brune (7»P*5) describe 
this loess area as having "rates of sediment production from 
steeply sloping land with indescriminate farming practices — 
among the highest found anywhere in the country" and report 
that "the — area produces more sediment per square mile from 
small watersheds than any other area of equal size in the 
country," This sediment is derived from sheet erosion on 
cultivated fields and from gully erosion where concentrated 

Pig. 1 
The Little Sioux river basin. 
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surface flow occurs. Intensive land use has resulted in the 
development of numerous large gullies in the last i|.0 years. 
Gottschalk and Brune (7» P * 6 )  comment as follows regarding 
these gullies: 
Gullies 60 feet deep and 300 feet wide are 
not unooBBnon. Many cut headward at a rate 
of 100 feet annually and are heavy contribu­
tors of sediment. Sediment concentrations 
as high as 27.6 per cent by weight have been 
measured in flood flows on Waubonsie Creek 
near Bartlett, Iowa, and as high as 23.3 
per cent by weight on the Soldier River at 
Pisgah, Iowa. 
The sediment laden waters from the loess hills deposit a 
large portion of their load in the drainage ditches, roads, 
fields, and navigation channels of the Missouri River bottoms 
causing high financial losses to agricultural and other inter­
ests in the bottom land areas. Preyburger (5»P»152) reports that: 
Overall damage within the watershed and 
adjacent bottom lands to farm lands, towns, 
villages, and improvements such as drainage 
ditches, highways, and railroads approaches 
a million dollars annually. This figure is 
based on a study of flood and erosion damage 
at 1935 to 1939 prices, transposed to present-
day costs. Open drainage ditches are par­
ticularly vulnerable. One drainage district 
alone, including approximately $0 miles of 
ditch, recently spent #12^ ,000 in a single 
year. Almost all the money was spent to re­
move accumulated deposition. 
Methods of flood control in the watershed 
Flood control work in the Little Sioux watershed con­
sists of improvement programs in minor watersheds ranging 
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from 500 up to 2,500 acres in area. The improvement program 
includes reduetion of peak flows through application of conser­
vation practices on farm land and construction of detention 
reservoirs and filling and stabilisation of gullies with vege­
tation, drop i^ illways, drop inleftt, and chutes* Cost of 
these improvements is frequently in excess of $100 per acre of 
minor watershed treated. 
The Sepper sub-watershed, located two and one-half miles 
south of Mapleton, Iowa, is typical of an area treated with an 
intensive program of structures. The drainage area is 500 
acres. Six penaanent structures including one chute, two drop 
inlet spillways, two detention reservoirs, and one drop spill­
way have been constructed. The Soil Conservation Service (32) 
states: 
It is expected the treatments will reduce 
peak flows from this watershed at least 35 
per cent and will reduce sediment 90 per 
cent or more, and that there will be very 
little further gully development as long as 
the farm land treatments and the structural 
works are maintained in a reasonable manner. |63,200.CK} of Federal funds and |4»000.00 of 
local funds are required for installation of 
the structural works. 
The cost of improvements in the Nepper watershed is seen to be 
over |134 per watershed acre. Much of this cost is Justified 
on the basis of reduction of peak flows and of sediment depo­
sition downstream from the watershed. 
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Research in the Little Sioux watershed flood control uro^ am 
The Soil Conservation Service and the Iowa Agricultural 
Experiment Station are conducting cooperative research in the 
Little Sioux watershed. Objectives of this program are to 
cheek the hydrologic and hydraulic design of the flood control 
structures, to deteraine if the claims of reduced runoff rates 
and sediment loads are valid, to evaluate the effectiveness of 
the program, and to furnish data for improved design of simi­
lar programs in the future. Measurements of rainfall and of 
runoff through certain structures are being made on the Nepper 
and Theobold watersheds, both of i^ ich have intensive flood 
control programs. Rainfall and runoff measurements are also 
being made on the untreated Hayworth, Renneker, and Muckey 
Greek watersheds* It is desired that sediment load measure­
ments may also be made of the discharge from selected treated 
and untreated areas. This work is being conducted by the 
Agricultural Engineering Section of the Iowa Agricultural 
Experiment Station and Soil Conservation Service Research. 
Measurements of rainfall and runoff. Each watershed 
being studied has two or more recording rainfall stations. 
Rainfall stations consist of recording rain gages equipped 
with eight-day clocks. Runoff measuring stations are located 
at each detention reservoir and at drop spillways near the 
outlets of the treated watersheds. The untreated watersheds 
have runoff stations located near their outlets. Runoff 
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stations consist of waterlevel recorders which record the 
stage on charts rotated by eight-day clocks. 
Measurement of «uil losses. While standard techniques 
and equipment could be adapted to rainfall and runoff measure­
ments in the Little Sioux area, no standard methods were 
available which could be adapted to the measurements of sedi­
ment loads. This phase of the investigations has thus awaited 
the development of a suitable technique for sediment load 
sampling. 
Statement of the Problem 
The problem considered herein is the development of a 
technique for continuous sampling of intermittent runoff from 
agricultural watersheds. As will be seen in the review of 
literature, techniques are available for sampling runoff from 
areas up to a few acres in size and from areas large enough to 
yield flows which vary relatively slowly with time. The minor 
watersheds in the Little Sioux area lie between these two ex­
tremes. The technique described herein is designed to secure 
a continuous sample of the discharge from watersheds of the 
type found in the Little Sioux watershed. 
Requirements of the sampler 
In approaching the problem of developing a technique for 
sediment sampling of discharges ranging from a few to many 
-13-
hundred cubic feet per second, the fibl2«wing requirements are 
considered essential: 
1• Dependability; 
a. Freedom from clogging by trash, 
b. Minimua of moTing parts to get out of 
working order, 
c* Minimum of attention from personnel, 
2. Accuracy; 
a. Known relationship between sediment 
concentration in the sample and in 
the channel flow, 
b. Known relationship between the size of 
sample and the total flow, 
0. Constancy of the above relationships 
with varying rates of flow, 
3. Economy; 
a* Sample small enough to be handled con­
veniently and economically, 
b. Installation as economical as possible 
to facilitate replication of measure­
ments, 
c. Installation adaptable to existing 
structures such as chutes or drop 
spillways. 
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HEVIEW OF LITERATURE 
A detailed review of methods of sampling sediment loads 
has been conducted jointly by the Tennessee Valley Authority, 
the Corps of Engineers, the Department of Agriculture, the 
Geological Survey, the Bureau of Reclamation, the Indian 
Service, and the Iowa Institute of Hydraulic Research (29). 
Work cited in this review dates back to 11^ 08 when a study was 
conducted of the distribution of sediment in the water of the 
Rhone River of France* The earliest devices used in sediment 
sampling were common pails and kegs* Increasing interest in 
sedimentation has led to the development of more precise 
equipment* Techniques used fall into two categories: 
(1) devices which secure a sample continuous in time and 
(2) devices which secure samples intermittent in time. It is 
the objective of the present review to discuss sampling tech­
niques illustrative of the several principles utilized rather 
than to describe in detail the numerous specific samplers 
which have been developed. 
Continuous Samplers 
Research designed to evaluate cropping systems and til­
lage practices as a means of controlling soil and water losses 
has stimulated the development of several methods of sampling 
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runoff from small areas. These methods have been designed to 
secure samples, continuous in time, of the runoff from areas 
up to eight or ten acres in extent. 
Multi-slot divisor 
H. V. Geib (6) conducted extensive tests of divisors in 
which the flow was caused to pass through a set of vertical 
slots arranged in parallel. One of the slots discharged into 
a sample tank while the remaining slots discharged to waste. 
Geib concluded that divisors consisting of five, nine, or 
eleven one-half inch slots spaced one and one-fourth inch 
center to center would secure aliquots to an accuracy within 
two per cent of the theoretical value. Figure 2 shows an 
installation of this type of divisor as it is currently widely 
used in runoff studies. Multi-slot divisors of this type have 
a capacity of 13 gallons per minute per one-half inch slot and 
are suited to sampling irunoff from areas of the order of one 
one-hundredth of an acre or to further division of samples 
which have been secured by other means. 
Tipping bucket 
Tipping buckets for runoff measiurement and sampling con­
sist of a pair of hoppers so proportioned and balanced that a 
given accuunulation of water causes one hopper to tilt and dis­
charge its contents and simultaneously to bring the other hop­
per into the collection position where the process is repeated. 
-16-
A B 
yi&, KuLti-slot divisor, (A) Overall view of 
installation. (B) Close-up of multi-slot 
divisor. 
Fig, The M, B. Russell tipping bucket. 
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G, N, Johnston (11) reported the development of a tipping 
bucket with a capacity of five cubic feet per tilt. Tilts 
were counted by a Veeder counter and recorded on the clock-
drum of a water stage recorder. A sample of the runoff was 
secured by causing the discharge from one hopper to pass over 
a slot which took In one twenty-fifth of the discharge. 
M. B. Russell (26) developed an Improved tipping bucket 
which includes a provision within the device for securing a 
sample consisting of approximately one-fortieth of the runoff 
for flow rates up to two cubic feet per minute. Figure 3 
illustrates this tipping bucket. This device has recently 
been modified by H. P. Guy of the Iowa Agricultural Experiment 
Station to give a capacity of three and one-half cubic feet 
per minute. 
Orifice plate 
Helmut Kohnke and R. fi. Hickok (16) reported the develop­
ment of an orifice plate sampler for use with a type-H flume. 
This device is shown in Figure 4. The sampler consists of a 
vertical plate containing circular orifices arranged in size 
and vertical spacing to discharge an essentially constant 
aliquot of the flow through a type-H flume. The method has 
been used for runoff from areas up to four acres. Discharge 
from the orifice plate is further sub-divided by a multi-slot 
divisor. 
Fig» Orifice plate sampler installed in 
the side of a type-H flume. 
Fig* Pomerene^  sampling wheel installed below 
a type-H flume. 
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Pomerene wheel 
A silt sampling wheel for use with type-H flumes has been 
developed by W. H. Fomerene (24)• The wheel, mounted on a 
vertical axis, rotates under the action of the discharge from 
the flume. A narrow slot occupies a small segment of the 
wheel, and a portion of the discharge enters this slot at each 
rotation. The device is undergoing further development at 
present but has been used for sampling flows of ten cubic feet 
per second successfully. This sampler is shown in Figure 5. 
Single slot sampler 
Several investigators have attempted to sample runoff by 
intersecting a freely falling nappe with a narrow trough which 
conducted a portion of the flow to a sample tank. Parsons 
(22) described tests of a sampler which consisted of a trough 
one inch wide extending downstream from the crest of a weir 
notch at angles of 30 to 60 degrees from the horizontal. The 
device was deemed unsuooessful because of the serious accumu­
lation of trash. Kalinske and Hsia (14) sampled the flow from 
laboratory flumes <^ by means of a trough, one and one-half 
inches wide and four inches deep, which extended horisontally 
at right angles to the nappe ...". This device was apparently 
successful, as no trash was present in the flow. 
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Intermittent Samplers 
On streams and rivers carrying flow from major runoff 
areas the sampling problem is somewhat different than it is 
where very small runoff areas are involved. The equipment 
discussed above is used where it is possible to cause the 
entire flow to pass over or through a sampling device. This 
technique becomes impossible when sampling discharge from 
larger runoff areas, and samplers for these large flows con­
sist of devices which are lowered into the stream by an oper­
ator and withdra%m after a sample has been collected. 
Suspended sediment samplers 
Typical of the simplest type of suspended sediment 
sampler is that described by Anderson (1) and shown in Figure 
6. This particular device is used both as a current meter and 
sampler in that the time required for a given size sample to 
enter a bottle is a function of the velocity at the depth of 
that bottle. Other bottle samplers consist simply of a pint 
milk bottle held horiaontally or vertically and lowered to the 
desired depth. A stopper is then removed from the entrance of 
the bottle by a jerk-line. Many elaborate variations of this 
general type of equipment have been described by the Inter­
departmental Committee (29)# Modifications are designed to 
reduce disturbance to the flow, to secure instantaneous 
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sanples, or to secure samples integrated over the depth of the 
stream. It is interesting to note that Jenkins (10), report­
ing on comparative tests of five types of suspended sediment 
samplers, concluded that the simplest types represented by 
pint bottles with stoppers which were removed by pulling a 
jerk-line were entirely satisfactory and thereby implied that 
the more complex devices tested were really of questionable 
value. 
Bed>load samplers 
Sinstein (4) described the bed-load sampling installation 
in the Enoree Biver at Greenville, South Carolina in v^ ich the 
entire width of the river for a length of 100 feet is paved 
with concrete. A number of slots in the concrete bed allow 
flow containing bed-load material to enter a pipe through 
which the sample is pumped to a hopper on the bank. Other 
types of bed-load samplers have been described by the Inter­
departmental Committee (30) as the basket type, which consists 
of a mesh basket lowered to rest on the stream bottom, and a 
tray or pan with baffle which is placed on the stream bottom 
to check and hold bed-load materials. 
23-
PROPOSED SAMPLING TECHHIQUE 
Evaluation of the techniques discussed in the review of 
literature from the viewpoint of possible application to the 
present problem indicated that most of the methods currently 
used are not suitable for sampling from large intermittent 
run-offs. Measurement of soil loss from areas of more than a 
few acres in extent is a difficult problem. Soil loss from 
small control plots is commonly measured by causing the entire 
run«off to pass through or over some such device as a multi-
slot divisor) Pomerene sediment sampling wheel, tipping 
bucket, or some combination of these devices* In the case of 
large streams such as the Missouri Eiver samples for sediment 
load analysis are taken by lowering devices of the type dis­
cussed in the review of literature into the stream at inter­
vals during a measurement period. On large streams where 
variations in flow occur relatively slowly this technique 
gives an accurate picture of the sediment load carried by the 
stream. Between these two extremes lie a large range of 
watershed areas in which flow rates fluctuate violently. 
Estimates indicate that 90 per cent of the sediment load dis­
charged by such areas may be carried in the equivalent of one 
day a year; thus the time at which samples are taken is very 
critical. Hand sampling does not seem to be a practical 
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answer to this problem. The probability that some unforseeable 
circufflstanee would prevent personnel from being present iidth 
hand sampling equipment at a critical runoff period seems so 
great as to make the hand sampling technique virtually woz*th' 
less for application to this problem. On the other hand, peak 
flows from 10 to 1000 acre watersheds are so great as to make 
the techniques mentioned above as being widely used on small 
control plots completely impractical for the problem at hand. 
i^th this background in mind the author, under the imme­
diate supervision of Dr. R. K. Frevert and with the counsel 
and guidance of staff members of the Iowa Agricultural Experi­
ment Station and the Soil Conservation Service, undertook to 
develop a technique for securing sediment samples of discharge 
from areas of the size described above. 
Of the techniques discussed in the review of literature 
the single slot sampler seemed suited for application to large 
intermittent flows. Figure 7 illustrates the author's concep­
tion of the adaption of the single slot sampler to a drop 
spillway structure. The sampler consists of a narrow, sharp-
edged slot extending downstream from the notch of a drop 
spillway structure and depressed from the horizontal by some 
angle of the order of 10 to 20 degrees. As the overfalling 
water strikes this slot a portion of it will enter the device 
and be caused to flow to suitable containers for saving the 
sample. Flow estimates indicate that the sample thus obtained 
Pig. 7 
Schematic view of the proposed sampling equipment. 
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will be too large to be practical to store and that some 
further reduction of the sample size will be essential. The 
divisor shown in Figure 7 would perform this function. The 
diYisor will deliver to the sample tank a small fraction of 
the flow collected by the sampling conduit. The sample bar­
rels will be enclosed in a streamlined pier which will be 
narrow enough in relation to the total width of the drop 
spillway structure so that there will be a negligible effect 
on the characteristics of the flow through that structure. 
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LABORATORY INVB5TIGATI0N 
No evidence was found that the single slot sampler had 
ever been extensively tested for field use. It was felt that 
its trial in the field could only be justified after extensive 
laboratory investigation of its hydraulic characteristics. 
Accordingly a program of laboratory development of the sampler 
was undertaken* 
Preliminary Experimentation 
To gain some insight into the operating characteristics 
of the single slot sampler small scale tests of such samplers 
were conducted in the hydraulic laboratory of the Theoretical 
and Applied Mechanics Department at Iowa State College. These 
tests were conducted on the 9th, 10th, and 11th of February, 
1949, through the cooperation of Dr. Glenn Murphy, Professor of 
Theoretical and Applied Mechanics, Iowa State College. 
Equipment 
Laboratory facilities. The hydraulic laboratory was 
designed for use in the instructional program of the college, 
and consequently does not have the flexibility desirable for 
research. The tests described herein were conducted at a 
rectangular weir notch 36 inches long and 9 inches deep. This 
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notch was fixed in a concrete channel. High tail water pre­
vented tests on the slot samplers at weir heads greater than 
0.242 feet. Water was circulated through the channel by a 
centrifugal pump which returned tail water to the upper end of 
the channel through a pipe line. The flow rate was measured 
by a Venturi meter placed in this return line, A hook gage 
provided a means of measuring the head on the weir crest. 
Sampling: equipment. The slot samplers and accessory 
equipment were constructed in the shops of the Agricultural 
Engineering Department, Iowa State College. Nine samplers 
were constructed and tested. These consisted of sections of 
standard iron pipe 18 inches long, threaded at one end, and 
modified for 12 inches of the unthreaded end to produce the 
cross sections shown in Figure d. Each sampler was given an 
identifying number. 
A cylindrical tank 12 inches long and 11 inches in dia­
meter, constructed of galvanised sheet iron, was provided to 
collect the sample. This tank was water tight except for a 
two-inch pipe extending from its top at an angle of 30 degrees 
to the horiaontal and a small, vertical vent tube. The samp­
lers were attached to the two-inch inlet pipe by standard pipe 
couplings or reducers as required. A 100-pound cast iron 
wheel weight provided with three threaded studs was placed on 
the bottom of the channel below the weir notch, and the tank 
was supported and positioned by thumb-screws threaded onto 
-29ft-
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these studs. Figures 9 and 10 show the apparatus in position 
and in use, A platform balance weighing to an accuracy of 
0.01 pound was provided for determining the quantity of water 
collected, and a stop watch was used for determining the 
duration of the sampling period. A shield of galvanised sheet 
iron was used to control the period of flow into the sampler. 
This shield is illustrated in use by Figure 11. Tests of the 
apparatus demonstrated that leakage by the shield or tank did 
not exceed 6 x 10"^  pounds per second. Thus, leakage during 
a total submergence period of 10 minutes could not exceed 0.4 
per cent of the smallest sample taken. 
Procedure 
The following procedure was used in taking an individual 
obseirvation: 
1. The sampler to be tested was attached to the collect­
ing tank. 
2. The tank was placed on its base in the channel and 
thumb-screws were adjusted until the sampler was 
brought to the desired position below the notch. 
(The adjustment of the thumb screws was positive, 
and once the position of the sampler was established 
the tank could be removed from the channel and later 
replaced in the predetermined position.) 
3. The tank and sampler were removed from the channel 
and emptied of such water as may have accumulated 
in the tank during the adjustment period. 
4. The channel flow was adjusted to the desired level, 
and the Venturi meter and hook gage readings were 
recorded. 
5. The tare weight of the tank and sampler was recorded. 
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V 
Fig. 9« Model sampler for pre­
liminary tests in place 
below weir notch. 
Fig. 10. Model sampler for 
preliminary tests 
in use. 
Fig. 11. Control shield in 
place on model sam­
pler. 
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6. The shield was placed on the sampler, and the tank 
with sampler attached was placed on its base in 
the channel. 
7. The shield was removed from the sampler, and an 
observer activated a stop watch at the instant of 
removal of the shield. 
The shield was replaced at an instant clocked by the 
observer with the stop watch after an interval of 
45 to 120 seconds depending on the flow rate. 
9. The tank and sampler were removed from the channel, 
the shield was removed from the sampler, and the 
gross weight was recorded. 
10. The accumulated sample was emptied from the tank. 
All measurements were made at the same lateral position 
on the weir notch to avoid inconsistencies resulting from 
irregularities of the crest. In general, duplicate observa­
tions were made for any given flow condition. Table I sum­
marizes the results of the observations made, and it may be 
noted that, for the most part, agreement is good between 
readings taken at a given flow condition. 
Tests conducted were designed to determine the relation­
ship between: 
1. Cross section of the sampler and sampler ratio 
at constant head on the notch, 
2. Head on the notch and sampler ratio for selected 
sampler cross-sections, 
3* Dimension of slot and sampler ratio at constant 
head on the notch. 
No 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
la 
19 
20 
21 
22 
Table I 
Results of Preliminary Tests 
Sampler 
No. 
Guirvature 
l/in. 
Angle of 
Declina-> 
tion 
Head on 
Crest 
ft. 
1,'eir flov 
Rate 
lb.isec. 
Sampling 
Rate 
lb./sec. 
Sampling 
Ratio 
1 0.343 30° 0.125 34.2 0.340 100.6 
1 0.843 30® 0.125 34.2 0.343 99.7 
1 0.843 30° 0.125 34.2 0.338 101.2 
9 13.43 26° 0.125 34.2 0.177 193.2 
9 13.43 26° 0.125 34.2 0.177 193.2 
7 3.45 26° 0.125 34.2 0.219 156.2 
7 3.45 26° 0.125 34.2 0.204 167.6 
5 1.52 26° 0.125 34.2 0.274 124.8 
5 1.52 26° 0.125 34.2 0.278 123.0 
3 1.05 26° 0.125 34.2 0.335 102.1 
3 1.05 26° 0.125 34.2 0.336 101.8 
1 0.843 26° 0.125 34.2 0.356 96U 
1 0.343 26° 0.125 34.2 0.362 94.5 
2 0.843 26° 0.125 34.2 0.489 69.9 
2 0.483 26° 0.125 34.2 0.492 69.5 
4 1.05 26° 0.125 34.2 0.456 75.0 
4 1.05 26° 0.125 34.2 0.457 74.8 
6 1.52 26° 0.125 34.2 0.411 83.2 
6 1.52 26° 0.125 34.2 0.407 84.0 
a 3.45 26° 0.125 34.2 0.394 86.8 
8 3.45 26° 0.125 34.2 0.390 87.7 
9 13.43 26° 0.242 80 0.383 208.9 
Continued on next page 
Mo 
23 
24 
25 
26 
27 
2d 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3S 
39 
Table I (Continued) 
Angle of 
Declina­
tion 
Head on 
Crest 
ft. 
Weir now 
Rate 
lb./sec. 
Sampling 
Hate 
lb./sec. 
Cuinrature 
l/in. 
Sampling 
Ratio 
13.43 
13.43 
13.43 
13.43 
13.43 
13.43 
13.43 
13.43 
13.43 
O.S43 
0.343 
0.643 
O.S43 
0.S43 
O.S43 
0.343 
0.843 
26° 
26° 
26® 
26° 
26° 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
26® 
0.130 
0.223 
0.223 
0.161 
0.161 
0.130 
0.130 
0.075 
0.075 
0.075 
0.075 
0.135 
0.135 
0.132 
0.132 
0.222 
0.222 
51.3 
71.1 
71.1 
50.9 
50.9 
32.2 
32.2 
14.0 
14.0 
14.0 
14.0 
33.2 
33.2 
52.1 
52.1 
69.3 
69.3 
0.233 
0.349 
0.349 
0.233 
0.239 
0.169 
0.169 
0.0754 
0.0762 
0.163 
0.164 
0.337 
0.339 
0.556 
0.561 
0.663 
0.666 
222.3 
203.7 
203.7 
213.4 
213.0 
190.5 
190.5 
135.6 
133.7 
35.9 
35.4 
35.3 
35.3 
93.7 
92.9 
105.3 
104.3 
I 
w 
•p-
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The results of all obsenrationa are summarised In Table 
I, and presented graphically in Figures 12, 13, and 14. 
Golosm headings in Table I have the folloidng aignifieanee. 
Curvature of the sampler is defined as one over the effective 
radius of the sampler at the surface where the aanpler first 
intersects the over-falling water, l^ is property is defined 
for each sampler cross section in Fissure Angle of declina­
tion is the measure of the declination of the sanpler fron the 
horisontal* Limitations in the equipment led to the standard 
use of a 25 degree declination for these teats, although the 
operation of sampler number 1 was also observed at a declina­
tion of 30 degrees* Head on creat is the standard measurement 
of weir head. Weir flow rate is the flow through the Venturi 
meter calculated froa the meter calibration furnished by Dr. 
Murphy: 
Q « 0.4066 
where, 
Q - flow in cfs. 
h • loss in head in inches of Hg, 
This was converted to pounds per second to facilitate direct 
coffiparison with the sampling rate which was readily expressed 
in pounds per second. The sampling ratio is the quotient, 
weir flow rate divided by sampling rate. 
Pig. 12 
Influence of oroas section of sampler on san^ ling ratio from 
preliminary tests. 
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Pig. 13 
Influence of slot width on sampling ratio from 
preliminary tests. 
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Dlecuagion 
Kesalts of thtae liaited Inveatigatioiia oould not, of 
courtt, t>« earriad directly to the fi^ d, but they did indi­
cate the direction which larger aeaXe laboratory testa ahoald 
take to yield results which mii^ ht be applied to aound field 
design* 
of jtisBllS ££»&£ iiSSiaS m r«tlo. !>«r-
haps the neat interesting result was the marked effect of the 
cross section of the sampler on the sampling ratio* This ef­
fect is presented in Figure 12 together with related infoma-
tion which, it is felt, explains the observed relationship, 
Foints plotted are the average of two testa. It is noted from 
the figure that when the eurrature of the sampler is siaall the 
sampling ratio is low. When the eurrature is high the sam­
pling ratio latrels off to approach a value of about 200. 
Qareful examination of the photographs in Figure 12 
reveals the probable explanation of this phenoiaenon. It is 
observed that on the snail curvatures (»odel number 1) water 
flows down the outside of the sanpler fron the point of inter­
section of the sampler with the nappe* This effect, termed 
"flow down® for the purposes of this report, is observed to 
decrease as the curvature increases. This decrease is noted 
in the sketches, and the flow down is plotted as a distance 
in inches frcm the point of intersection of the sampler with 
the upper sheet of the nappe to the point at which the flow 
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breaks away from the slot. The flow dov<n water is apparently 
entering the slot and contributing to the sample. This re­
lationship indicates that in designing a sampler in which the 
sampling ratio is to be kept to a maximum the curvature should 
be large. 
Effect of slot width on sampliniji ratio. Figure 13 shows 
the effect of slot width on the sampling ratio as a function 
of curvature. Points plotted are the average of two tests. 
Comparing the l/B inch slot to the 36 inch weir it was ex­
pected that the high curvature sampler would have a ratio in 
the neighborhood of 2BB, yet the highest ratio observed was 
about 213 for model number 9* Taking the outside dimension 
of the top edge of model number 9 the comparison becomes 5/32 
inch to 36 inches or a theoretical sampling ratio of 230, 
Thus, if it be assumed that all water striking the edges of 
the slot entered the slot, which may well be a reasonable as­
sumption, the theoretical ratio more nearly approaches the 
observed ratio. 
Effect of head on weir crest on sampling ratio. The re­
lationship between sampling ratio and head on the weir crest 
was deterained for models number 1 and 9* This relationship 
is presented in Figure 14* The sampling ratio tended to in­
crease as the flow was increased. However not enough data 
was taken to definitely establish this trend. 
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Analysis of the Problem 
The preliminary laboratory investigations revealed the 
complicated nature of the hydraulic behavior of the slot sam­
pler* A systematic analysis of the problem could not have 
been made until this preliminary work familiarized the author 
and his associates with the many variables involved. 
Definition of variables 
The notation used in the following analysis and through­
out the remainder of this work conforms to the recommendations 
of the American Society of Civil Engineers (9) in so far as 
was practicable. 
It was desired to determine the nature of the following 
function: 
S » <p (x^ , X2, x^ , x^ ) 
where: 
S, the Sampling Ratio, * Q/q 
with; 
q • the discharge from the slotted sampler, 
Q = the total discharge through the overfall 
structure. 
and 
Xg, x^ , . , . •» are the various independent 
variables which might be expected to influence the value of S. 
After thorough consideration of the problem the following 
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nine variables were listed as potentially affecting S, Refer­
ence to Figure 15 may clarify the meaning of some of these 
quantities. 
Geometry of the sampler 
Angle between sides of the sampling A 
slot cx = -
Angle of declination of the sampler /^  • -
Width of sampling slot  ^
Characteristics of flow through the structure 
Discharge per unit time through 
the structure Q = 
Width of notch b s L 
n 
Depth of flow at crest d - L 
Characteristics of the fluid 
Density of the fluid = ML**^  
Dynamic viscosity of the fluid 
Other variables 
Acceleration of gravity g » LT"^  
Inclusion of only these nine independent variables implies the 
assumptions that the velocity does not vary with lateral posi­
tion in the flow and that surface tension effects are not 
significant. 
- denotes "dimensionally equal to" 
« denotes "dimensionless" 
L denotes ®length" 
fi denotes "mass!* 
T denotes "time'' 
Pig. 15 
Notation for analysis of the slot sampler problwn. 
-l^3b-
•o 
(ft 
Q - q  
q 
-44-
Diroenslonal analyaia 
Application of the Buckingham Pi Theorem to thia re­
lationship between one dependent and nine independent 
variables yields seven dimensionless terms: 
While several of these diaensionless terms appear to be un­
necessarily complex, they were chosen because they may be 
simplified to tems coomonly used in hydraulic similitude 
studies. 
Discussion of dimensionless parameters 
The concept of critical depth is widely used in open 
channel studies as exemplified by the work of Morris and 
Johnson (21) on the development of apron protection for drop 
spillway structures. Critical depth for a rectangular channel 
section is given by the expression 
1, Qf the Sampling Katio 
2, o<, 
3 *  / 3 t  
4. Vbg, 
5. 
6.  
7. /Ob^ Q . 
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where; 
d(, la the critical depth of flow (in our case 
at the crest of a drop spillway structure), 
Q/bjj is the flow per unit width of notch. 
It may be shown that if the critical depth in a model is 
in geometric ratio to the critical depth of the prototype the 
Froude Law of hydraulic similitude will be satisfied. Since 
Froude Law similitude is the basic criterion for open channel 
model studies, inclusion of the critical depth as a parameter 
should facilitate the application of laboratory results to 
field conditions. The diaensionless term Q^ /(bjj^ bg^ g) may 
thus.be expressed as equally satisfactory 
dimensionless term d^ /bg may be used. 
Likewise may be replaced by d /d. Since 
ik C 
Q/(bjjd) in the teCTa/^ s^^  is essentially the mean velocity 
yWbjjd 
of flow at the crest, this dimensionless term is recognized as 
the Reynolds number and designated by R. The Re3rnolds number 
is recognized as being of little significance in open channel 
studies. It was included here in recognition of the possi­
bility that viscous effects might become predominant in the 
restricted flow through the sampling slot. 
The seven dimensionless teras thus become S,oc,^ , ^ n^ s^' 
dg/bg, dg/d, and R; and in accordance with the Buckingham Pi 
Theorem the function: 
S : , b„/b„ d^ /b^ , d„/<J, R) describes the operation 
of the sampler. 
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Experimental Investigation of the Sampling 
Ratio Function 
The laboratory investigations discussed in the follow­
ing pages were designed to give information concerning the 
nature of the Sampling Ratio Function* In such investigations 
the general procedure is to hold all but one of the independ­
ent Pi terms constant, to vary that Pi term over the desired 
ran&e of values, and to observe its influence on the dependent 
variable. This procedure is followed for each Pi term in turn 
and must be carried out for a range of values of all the terms 
to be sufficient to define the function in the region of inter­
est. this procedure was followed in so far as physical and 
economic limitations permitted. 
Equipment 
Laboratory facilities. Investigation of the Sampler 
Eatio Function was carried out in a laboratory developed in 
the Agricultural Engineering Section of the Iowa Agricultural 
Experiment Station expressly for hydraulic investigations in 
the field of soil and water conservation research. A schematic 
diagram of the equipment as used in this study is shown in 
Figure 16. Flow rates were controlled by a 5-inch gate valve 
and metered by an elbow meter coupled to a water manometer. 
The elbow meter was made from a 5 by d-inch cast iron reducing 
elbow into which pressure taps were inserted on an inside and 
Pig. 16 
Schematic representation of the water control laboratory. 
Agricultural Engineering Section, 
Iowa Agricultural Experiment Station. 
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outside radius. The elbow meter and manometer are shown in 
Figure 17. The elbow was calibrated in place against a 6-inch 
Parshall flume which was placed in the position of the down­
stream flume section of Figure 16. Table II gives the cali­
bration data, and Figure l8 shows the calibration curve. 
Elbow meter theory as developed by Langsford (IB) shows that 
the general equation for mean velocity through an elbow meter 
is; 
h = C v^  
where; 
h is the difference in centrifugal head 
from the outside to the inside radius 
of the elbow, 
C is a constant dependent upon the geom­
etry of the elbow, 
v is the mean velocity of flow through 
the elbow. 
The calibration as performed for the 5 by d-inch reducing 
elbow gave an equation of this form. 
Sampling equipment. The model slot samplers tested are 
shown in Figure 19 and their cross sections are defined in 
Figure 20. These cross sections were numbered 10 through 14. 
The models were constructed by the Des Moines Steel Building 
Company during July of 1990. The samplers were so constructed 
that the slot width, b^ , could be adjusted by turning cross-
bolts which were placed every 6 inches along the 5 1/2-foot 
length of the sampler. Adjustment of the slot width was ac­
complished by turning the cross-bolts to bring the slot edges 
f a 
f ' t  
I 
17* Elbow meter and water manometer for flow measurement, water 
control laboratory. Agricultural Engineering Section, Iowa 
Agricultural Experiment Station. 
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Table II 
Calibration of Elbow Meter 
Water Control Laboratory, Agricultural Engineering 
Section, Iowa Agricultural Experiment Station 
I  Parshall Flume Weigh fank 
: H h : Q 
Run No. : cm. HoO ft. t  cfs. cfs. 
1 0.1 0.117 
• 
* 
« 
• 0.06d2 0.0597 
2  : 0.6 0.223 • 0.196 o.m 
3 : 1.3 0.22d • « 0.200 0.254 
k  J 2.4 0.339 • • 0.373 0.374 
: 0.4 0.176 « * 0.133 0.115 
9 ; o.a 0.245 : 0.223 0.220 
10 : 2.1 0.322 • • 0.344 0.343 
11 : l.« 0.300 * • 0.312 
12 3.5 0.371 : 0.433 
13 t 5.4 0.429 i  0.519 
14 : 9.3 I  0.506 0.705 
15 : 13.4 t  0.577 0.^ 75 
16 : 17.6 • * 0.62S 0.9^ 9 
17 :  2 2 , B  t  0,6d2 : 1.12 
IS : 27.5 : 0.729 : 1.25 
19 ! 33.7 J 0.775 I 1.3d 
20 s 40.7 0 , 6 2 B  t 1.53 
21 5 53.6 0.902 • • 1.75 
22 : 70.6 0.999 « « 2.06 
23 5 S9.5 1.053 I 2.25 
24 ! 103.2 1.105 * • 2.42 
25 : iia.i 1.157 • 4 2.59 
27 : 134.7 1.190 • • 2.71 
2a : 169.3 I 1.300 I 3.12 
t : t 
Pig. 18 
Calibration of elbow neter» water control laboratoz^  ^
Agricultural Engineering Section^  
Iowa Agricultural Experiment Station* 
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Flg» 19* Model slot samplers tested for detenai-
nation of the sampling ratio function. 
Fig» 21. Model slot sampler undergoing test. 
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up to a feeler gage. This method did not prove entirely 
satisfaetory, for it was only after much patient effort that 
an accurate adjustment could be obtained. Each model sampler 
had a bracket at one end by which it could be attached to a 
hinge plate immediately below the outlet of the flume. A 
sampler in position is shown in Figure 21, The downstream 
end of the sampler was supported by a horiaontal member which 
was adjustable in vertical position. Thus the angle of decli­
nation, /S, was set by moving the horisontal support member and 
swinging the sampler vertically about its hinged end. 
!^ e sampler discharged into a weigh tank resting on a 
platform balance. The sampling rate was measured by timing 
the swing of the balance beam with a stop watch. The depth of 
flow at the crest, d, was measured by a vernier point gage 
mounted immediately above the crest of the flume outlet. 
Procedure 
The following procedure was used in operating the equip­
ment for tests of the influence of 
da/d: 
1. The sampler to be tested was adjusted to the 
desired slot width and was mounted in position 
below the lateral midpoint of the outlet flume. 
2. The pump was started and the discharge regulated 
to the desired rate, and the readings of the 
water manometer and the point gage were recorded. 
>. The angle of declination was adjusted. Decli­
nation angles of 5, 10, 15, and 20 degrees were 
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tested at each value of the flow, 
4. The sampler discharge into the weigh tank was 
measured. Weight of accumulated water and time 
of accumulation were recorded. This measurement 
was repeated three times for each set of experi­
mental conditions. 
5* The flume flow was readjusted, and steps 3 and 
4 were repeated for each of 10 or 11 flume flow 
rates. 
The following procedure was used in checking the possi­
bility of Reynolds number influence: 
1. The number 11 model was adjusted and put in the 
test position. 
2. Twenty-five hundred pounds of chopped iee was 
placed in the tail water. 
3. The pump was started and the flume flow was ad­
justed to 2.16 cubic feet per second. 
4. This flow rate was maintained constant for 4 
hours during which period the water temperature 
rose from 40 degrees F. to dd degrees F. A 
series of three measurements of £ were taken 
for each 5 degree rise in temperature, and all 
variables were held constant throughout the 
test with the exception of ^  and /a which varied 
with the temperature. 
The velocity distribution across the flume was checked by 
two methods. A pitot tube was used to traverse a vertical at 
the midpoint of the cross-section & feet upstream from the 
discharge end, and depth of flow at this point was measured 
with a point gage. Velocity distribution at the outlet of 
the flume was checked by determining £ for each of several 
lateral placements of the number 11 sampler. 
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Resuits 
The primary objective of these laboratory investigations 
was to furnish adequate information for the design of a proto­
type sastpler. It was possible to define the Sampling Ratio 
Function empirically through a range of variables of practical 
interest and to determine the range of variables best adapted 
to field design. It was felt that this objective was achieved 
by the results presented here. 
Influence of Reynolds number. Table III gives the summa­
rized results of the Reynolds number tests. Values of andy^  
for each temperature were obtained from the American Society 
of Civil Engineers manual on hydraulic models (27)• The 
values of S and E were calculated as defined in the analysis 
of the problem. It was observed that the Reynolds number had 
no effect upon the Sampling Ratio through the range of values 
tested. Thus the function became S • n^/^ s* ^ c/^ s» 
d<j/d). 
Influence of the an^ le of declination. Figures 22, 23, 
24, and 25 summarize the results of all tests of the Influence 
<ic/^ s' effect of/3 was apparent from 
the examination of these results. Thus in the range of 
s 20® to /3 s 5® the Sampling Ratio Function became 
S « f{<x, b„/bg, dp/bg, dg/d). 
Influence of rate of flow. The dimensionless term d^ /bg 
characterizes the rate of flow. In Figures 22, 23, 24, and 
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Table III 
Results of Tests of the Influence 
of Reynolds Number 
Cross-section nuraber 11 
bg a O.OOU ft. /^  = 10 deg. 
bn = 1 ft. = 60 deg. 
Q = 2.18 cfs. bji/bg s 227 
d„ s 0.52S ft. d /b^  = 120 
C O S 
d = 0.352 ft. dg/d = 1.5 
g • 32.16 ft./sec.^  
Run Ho 
q 
. cfs. S 
Temp, 
deK, F. 
r \ 
slu^ s/ft.-' slu^ s/ft.sec. R 
1054 0.0163 133 40 1.941 32.29x10-6 I63d 
1055 0.0159 137 45 1.941 29.65 1784 
1056 0,0153 142 50 1.941 27.35 1934 
1057 0.0146 147 55 1.940 25.34 2086 
105d 0.0151 144 60 1.939 23.59 2240 
1059 0.0160 136 65 1.938 21.96 2405 
1060 0.0156 140 70 1.937 20.50 2575 
1061 0.0160 136 75 1.936 19.18 2751 
1062 0.0159 137 BO 1.935 17.99 2931 
1063 0,0159 137 1.932 14.50 3631 
Pig. 22 
Hydraulic charaoteristios of sampler model number 10. 
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Hydraulic characteristics of sampler model number 11. 
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Bydraullo oharaoteristioa of sampler model number 12« 
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25, S is plotted as a function of d_/b„ at constant Taluea of 
v s 
oC, relationship between S and <iQAg was 
studied most carefully for model number 11, It was felt how­
ever that some observation of S as a function of d /b was of 
c s 
interest for several values of oi. In the figures the dashed 
lines were fitted by calculation of the linear regression for 
the data. The solid lines were given a slope equal to the 
arithmetic mean of the slopes of the several regression lines 
and were placed to pass through the mean coordinates of the 
regression data. It was seen that while the data was in some 
cases erratic the value of S consistently increased with 
increasing values of 
Influence of cross section of sampler. Figure 26 shows 
the influence of at selected values of bj^ /bg for d^ /bg = 0 
and d /d s 1.50. Plotted values are taken from the d /b so 
c c s 
intercepts of the mean slope lines of Figures 22 through 25. 
Linear regression lines were fitted to the points. The value 
of S was seen to decrease with Increasing values of q^ . It was 
impossible to test the value of 160®, as the flow ran 
along the top of the sampler to the weigh tank without passing 
through the sampling slot. 
Influence of width of samplinis slot. The effect of the 
width of the sampling slot is shown by Figure 27. The values 
of S were plotted as a function of l^ jj/bg at the hypothetical 
cotidition of d / b  » 0. Plotted points are taken from the 
c s 
Pig. 26 
Influenoe of cross section of sampler on sampling ratio. 
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Influence of width of slot on saaipling ratio. 
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mean slope lines of Figures 22 through 25. The value of S 
appeared to increase linearly as increased. 
Influence of velocity distribution in the channel. The 
velocity distribution in the channel was checked over a range 
of flow conditions to be sure that the observed results were 
not incident to change in velocity distribution. Table If 
gives the result of these measurements taken ^  feet upstreaa 
from the outlet of the channel. Mean velocity in a vertical 
Table IV 
Velocity Distribution in Channel Bight Feet Upstream 
from Outlet 
Channel 
Discharge 
cfs 
Depth of 
flow 
ft. 
Mean Velocity 
in Section 
s^ 
fps 
Mean Velocity : 
in Vertical : V-/V_ V  ^ V' 8 
fps : 
1,00 
2,01 
3.05 
0.339 
0.5^ 5 
0.725 
2.57 
3.44 
4.21 4 4 
« 
2.79 : 1.0« 
• 
3.62 i 1.05 
: 
4.40 : l.C^  
• 
» » 
Mean 1,06 
» 
at the center line was calculated as the average of pitot tube 
velocity measurements taken at increments of 1/6 the total 
depth. Mean velocity of the cross section was calculated from 
the discharge and cross-sectional area. The ratio of mean 
velocity on the center line vertical to mean velocity at the 
section did not vary appreciably in the range of flow rates 
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tested. Since the ratio of velocity at the vertical to ve­
locity in the section was 1.06, all flow rates were multiplied 
by 1»06 to correct to a condition of uniform velocity distri­
bution across the channel before any of the values presented 
in the results were calculated. 
Intake of the sampler as influenced by its lateral posi­
tion in the jet was checked. The results are shown in Table V. 
Table Y 
Effect of Lateral Position of Sampler on Sampling 
Eatio 
bg = 0.00575 ft = 10® b^ bg s 174 
s 60° d /d s 1.50 
C 
Channel 
Discharge 
Q 
cfs 
c^/^ s 
• 
* 
* 
« 
t 
« 
: 
Position of : 
Sampler : 
ft. : 
Swapler 
Discharge 
cIs 
t 
•  
« 
: 
• 
• 
«/, 
t 
» 
e 
> 
» 
• 
t 
Relative 
Q/q 
0.645 40.9 
e 
• 
• 
• 
: 
0.20 ! 0.00566 
• 
* 
» 
• 114 
• 
• 
1.10 
\ 0.30 ; 0.00577 • • 112 I i.oa 
: • • 0.40 ! 0.00595 : 108 e • 1.04 
• 
* 0.50 ; 0.00623 104 • « 1.00 
1.57 73.9 
• 
• 
« 0.20 : 0.0113 
• 
t 139 
4 
• 
• 1.15 
• 
* 0.30 : 0.0124 • • 127 • • 1.05 
: 0.40 t 0.0124 • 127 • • 1.05 
s 0.50 s 0.0130 I 121 • • 1.00 
2.92 111.7 
« 
s 0.20 : 0.0193 
t 
s 151 • 1.10 
} J 0.30 : 0.0207 • • 141 • • 1.03 
1 : 0.40 : 0.0217 • 135 fl « 0.99 
1 t I 0.50 : 0.0213 : 137 1.00 
% 
• 
• 
• 
• 
• <* 
« 
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Position of the sampler was measured from the edge of the 
channel. While the Intake was influenced by lateral position 
of the sampler this influence was essentially the same for all 
values in the range of discharge tested, A check on possible 
influence of contraction of the nappe was conducted by making 
determinations of S with the nappe laterally confined. No 
evidence of any influence on S by contraction of the nappe was 
detected when the sampler was placed at the center line of the 
nappe. 
Influence of trash on the sampler. During the course of 
the experiments fine bits of plant materials occasionally 
caught on the somewhat rough edges of the sampling slot. The 
presence of these foreign particles influenced the sampling 
ratio by deflecting some of the flow which would otherwise 
have entered the sampling slot. Such material was immediately 
removed when its presence was detected, and an appropriate 
notation entered on the data sheet. Later review of the data 
sheet showed that fine material was not a problem at values of 
bn/bg less than 174 which represented a slot width, bg, of 
0.00575 foot. 
Formal tests of the ability of each model to clean itself 
of large pieces of trash were conducted. Grass, corn stalks, 
and leaves were caused to pass over the samplers. The action 
of the nappe quickly removed this material from the active 
portion of the samplers as sho%m by the selected motion 
picture frames of Figure 2d, 
Sequence views oH removal of a corn leaf from the 
activf portion of sampler mod®!^  number 11 by 
increasing flow. 
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Discuaaion of resulta 
Much of the variation in the observed data undoubtedly-
resulted from a lack of precision in the fabrication of the 
models and from an Inability to adjust them to a precisely 
unifona slot width. The method of adjustment of the slot 
width for the models was not entirely satisfactory. The slot 
was adjusted to a feeler gage by the cross bolts which were 
placed at 6-inch intervals along the length of the sampler. 
No control of the slot width between the cross bolts was pos­
sible, and deviations of as much as 0.02 inch (0.0017 foot} 
were not unusual. It should be noted that this represents an 
error in slot width of 40^  for b^ /^ s * error of ^  
for b /b, s 47. Since the slot was too narrow at some points 
n 9 
and too wide at others, this error would tend to balance out 
in the overall interpretation of the data. 
The methods of analysis used were discussed with 
Professor Virgil L. Anderson, statistician, of Purdue Uni­
versity. After examining the original data and the methods of 
analysis used. Professor Anderson concluded that while a com­
plete statistical analysis to establish the fiducial limits of 
the various mean values would lend refinement to the study, 
the voluminous amount of work involved in such an analysis 
would not be warranted in view of the relatively small vari­
ance in the data. 
The results presented in the previous sections were seen 
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to be qualitatively the same as those obtained in the prelimi­
nary investigations. Direct comparison of the two is diffi­
cult because of the difference in the parameters used to 
characteriae the sampler cross section. The following empiri­
cal equations were derived for the sampling characteristics of 
the models tested. 
Model 10 
Qi- s 20® 
d /d s 1,50 
° S s a.7 4 0.630 b /b 4 0.27 d /b 
n' s c' s 
Model 11 
oC s 60® 
d /d =1.50 
® S « 11.8 4 0.367 b„/b„ 4 0.46 d /b^  
US C 3 
Model 12 
 ^« 100® 
dg/d a 1.50 
S « 1.5 4 0.342 bj^ /bg 4 0.56 d^ ./bg 
Model 13 
oC a 140® 
djd « 1.50 
S • -10.7 4 0.320 bjj/bg 4 0.58 d^ /bg 
It was felt that the general form of these equations was 
correct although the values of the constant and the coef­
ficients would be subject to modification. In Figures 22, 23, 
24» and 25 it is seen that no individual value of S deviates 
more than 10 per cent from the value given by the above 
equations. Additional investigation of the hydraulic phe­
nomena exhibited here should be based on models constructed to 
a much higher degree of precision than was achieved in the 
present study. 
-71-
Vlith the laboratory facilitiea available it was impos­
sible to vary the ratio d^ /d. Tiiis ratio was found to be 1.50 
for all flow rates Involved in this investigation. In uti* 
liaing the results presented here it has been necessary to 
assume that while d^ /d might alter the constant term and the 
coefficient of b^ /^bg it would not influence the coefficient 
of dc/bg. 
Figure 29 illustrates the distortion of the nappe as it 
passed over the various models tested. This distortion was 
very slight for model 10 and inereased to a maximuin for model 
14. this distortion is seen to be closely related to and 
the decrease in S with increasing values of oL may be attri­
buted to the distortion of the flow, or the flow down, which 
is in agreement with the results of the preliminary investi­
gations. 
No progress was made toward the development of an explan­
ation of the phenomenon which resulted in the relationship 
between S and d^ /bg. One possibility considered was that the 
distortion of the nappe might be waller relative to the total 
thickness of the nappe at higher flows. Some support for this 
explanation was drawn from the fact that the coefficient of 
dcAs least for model number 10 and greatest for model nuen 
ber 13. However actual measurements of distortion and nappe 
thickness did not support this line of reasoning. 
A second possibility considered was that frictional re-
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MODEL NO. 10 MODEL NO. II 
MODEL NO. 12 MODEL NO. 13 
MODEL NO. 14 
Fig, 29, Distortion, of the nappe by models number 
10 through 14. 
-73-
slstance to the flow entering the slot was higher at higher 
velocities. This seemed to imply viscous effects of some im­
portance which could not be reconciled with the previous con­
tention that the Reynolds number was not an important variable 
in the problem. 
Explanation of the phenomenon which occurs in the slot 
sampler appears to be substance for a fundamental investiga­
tion beyond the objectives of the current study. Detailed 
observation of the pressure distribution in the sampler 
appears to offer the most promise for such an investigation. 
Model 10, causing the least distortion of the flow, gave 
the highest values of S. Unfortunately model 10 was extremely 
difficult to fabricate and had a very thin section near the 
slot which was highly susceptible to mechanical damage. Model 
11 gave a fairly small distortion to the nappe, had the next 
to largest values of S, and in addition was relatively easy to 
fabricate and had good mechanical strength. For these reasons 
model 11 was selected to serve as a pattern for the prototype 
sampler. 
Development of the Constant Aliquot Sampler 
One of the essential requirements set for the sampler was 
a constant ratio of sample taken to total flow over varying 
rates of flow. The determination of the Sampling Ratio Func­
tion revealed that a slot of uniform width did not meet this 
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requirement. However, the results did indicate that the width 
of slot might be varied along the length of the sampler in 
such a manner as to compensate for the increase in S with 
increasing values of d^ /b_. 
w 8 
Analysis 
Mr, Fred W, Blaiadell (2), of the U, S, Soil Conservation 
Service, supplied information on the shape of a free nappe re­
sulting from flow conditions similar to those used in the ex­
periments presented here* This information agreed closely 
with results obtained by the writer and is presented in modi­
fied form in Figure 30, The center line of the nappe was the 
average value of the jk; the upper and lower sheet at any 
given value of x. Values of log { y/d^  0.345 ) were then 
plotted against log (x/dg) as shown in Figure 31• The 
constant, 0.345f was introduced so that the shape of the nappe 
could be compared directly with the theoretical shape given by 
y s kx^ . IfVom this plot the expression 
{x^  • 5 ) 
y = 0.467(d 0.425) - 0.345 d^  (1) 
c c 
was derived for the shape of the center line of the nappe. A 
of 10 degrees was selected, and it was assumed that the 
upper end of the sampler would be placed 0.06 feet below the 
lip of the outlet. The location of the top edge of the 
sampler was thus described by 
1 
Pig. 30 
Dlmenalonleaa plot of nappe from level floored flume. 
•4 dc 
LOWER SHEET 
y/dc 
x/dg UPPER 
SHEET 
LOWER 
SHEET Q. 
0.00 -0.69 0.00 -0.345 
0.44 -0.54 0. 1 0 -0.212 
1.02 -0.20 0.44 0.1 17 
1. 6 1  0.26 0.95 0.608 
2.05 0.70 1.45 1 .076 
2 . 4 9  i . 2 8  2.02 1 .647 
3 . 2 2  2 . 4 2  3. 1 1 2.760 
t 
VA 
a' 
I 
Pig. 31 
Logarithmic dlmenslonless plot of 
center line of nappe from 
level floored flume. 
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y » O.OS -f x{tan 10®) 
» O.Og 4 0.1763 X . (2) 
Subtracting equation (2) from equation (1) and rearranging 
terms giTes 
0 s 0.467 . 0.345 . 0.1763 xd^ '^^ 25 
- 0.03 
the implicit relationship between and the intersection of 
the center line of the nappe with the top edge of the sampler. 
This function was plotted as shown in Figure 33, and it was 
seen that it could be very closely approximated in the range 
of interest by 
X 8 1.094 dc f 0,131. (4) 
The results of all tests on raodel 11 were then examined. 
The hypothetical value of S » 1 when b^ /^bg » 1 was added to 
the data, and the values for b^ /b^  « 255 were ignored. This 
omission of b^ /^bg s 255 is justified on the basis that it is 
the only point for = 60° in Figure 27 which deviates greatly 
from a linear relationship between S and b^ /bg. The data pre­
sented in Figure 27 supports an assumption of linearity for 
this relationship. These modified values for model 11 are 
plotted in Figure 32, and the relationship 
S = 0.33 4 0.491 b^ bg 4 0.46 d^ /bg (5) 
was derived for this model. 
Equations (4) and (5) were then solved simultaneously for 
Pig. 32 
Modified relationship between S and b^ j/bg for model number 11* 
Pig. 33 
Approximation of intersection of center line of nappe and top 
of sampler as a function of critical depth. 
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bg as a function of x and S to give when is unity 
b^ a (0.420X f 0.436)/(S - 0.33).  (6) 
With this equation it was possible to detez%ine b_ as a func-
tion of X for any desired value of S from a unit b^ .^ 
Laboratory test 
Model 11 was adjusted to give a varying value of bg in 
accordance with equation (6). For this test S was taken to 
be 100, The model was then tested at s 10® through the 
range of channel flow available. The procedure was the same 
as outlined for the experimental determination of the Sampling 
Ratio Function. The results of this test are presented in 
Figure 34. The observed value of S ranged from 97 to 105, 
whereas the predicted value was 100. 
Discussion 
The result achieved from the analytical design of a con­
stant aliquot sampler was indeed gratifying. The value of 
S s 100 was felt to be well suited to field design, as it 
represented the largest S which could be obtained without 
having bg so small as to be impossible to gage accurately with 
common feeler gages. The value of 10 degrees was chosen for 
the angle of declination because it suited the field con­
ditions for which a prototype vras first to be tried. The labo­
ratory results obtained with the constant aliquot sampler 
Pig. 3k 
Results of teat of aaapler designed to take l/lOO of the flow 
through a one foot width of notch. 
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appeared to justify the design and installation of a prototype 
sampler. 
-82-
THE PROTOTYPE SAm^ LER ASSEt^ iBLY 
The first field installation of the single slot sampler 
was designed for the drop spillway at station 23100 of the 
main gully of the Theobold sub-watershed, Woodbury County, 
Iowa, The drop spillway is a reinforced concrete notch 30 
feet wide and 4*5 feet deep. The fall through the structure 
is 7 feet, and the apron protection is of the Morris and 
Johnson type. A water stage recorder has been installed at 
this structure as part of the Iowa Agricultural Experiment 
Station research program in the Little Sioux river basin. 
The drainage area above station 23^ 00 of the main gully in­
cludes 762 acres. Peak run-off rates from this area are con­
trolled by three detention reservoirs. 
Design of the Prototype Sampler 
Functional requirements 
Basic functional requirements of the sampler in this in­
stallation were: 
1. To collect and store in a container of reasonable 
size a continuous sample of the flow through the 
structure, 
2. To collect and store this sample in such a way as 
to keep it free of contamination by back water or 
splash. 
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Actual runoff measurements froia a very intense storm on 
this watershed were reported by H, P, Guy {5). A storm of 
June 15, 195(i on the Theobold sub-watershed, which included a 
95-year IS-minute rainfall at one station, gave a 70,7 per 
cent runoff for the 309 acre area in which this station was 
located. Total runoff from the area above station 23-fOO re­
sulting from this storm was 1.13^  inches, representing a 62,2 
per cent runoff. Yarnell (33) gave the 24-hour 100-year rain­
fall for western Iowa as 6 inches. It was felt that a 50 per 
cent runoff from such a storm would be high because of the 
relatively low intensity at vdiich much of the precipitation 
would fall. Accordingly it was felt that storage for a sample 
from 3 inches of runoff would be adequate, assuming that 
personnel could be present at least once every 24 hours during 
periods of high runoff. 
Slot sampler 
The slot sampler for field installation was designed to 
take l/lOO of the flow through a one foot width of the notch 
or, neglecting end contractions, 1/3000 of the flow through 
the 30 foot notch. Design discharge per unit width of the 
drop spillway is 26 cfs. with a critical depth of 2.7^  feet. 
Maximum critical depth in the laboratory tests was 0.635 feet. 
Design of the sampler without extrapolation from laboratory 
tests wsuld have necessitated use of a scale factor of 
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2.7^ /0,635 " 4.4* This would have meant a field design to 
take 1/100 from a 4*4 foot width of the notch. Since it was 
desired to keep the sample size to a minimum it was decided 
to design for l/lOO from a one foot width. This necessitated 
extrapolation from the laboratory tests. 
The slot sampler for the field installation was designed 
as shown in Figures 35, 36, and 37. The slot width was deter­
mined in accordance with the equation 
bg a {O.42OX I 0.436)/(S - 0.33) 
with S = 100. Gross-bolts were provided for fine adjustment 
of the slot width. 
Pomerene wheel 
The slot sampler designed to take I/3OOO of a 3 inch run* 
off from the watershed under consideration would yield a 
sample of 276O cubic feet. This volume required further re­
duction by a factor of 100 to be of reasonable size to save. 
The various devices discussed in the review of literature were 
considered for application to reduction of the sample taken 
by the slot sampler. Of these devices the Pomerene wheel 
seemed best adapted for this purpose. Parsons (22) described 
a one foot wheel calibrated for use with a 6-inch H-type flume 
which appeared to be particularly well suited to this applica­
tion. This wheel and flume were adapted for use with the slot 
sampler as shown in the assembly in Figure 3^ « A hood was 
Pig. 35 
Slot sampler for station 23*00, Theobold sub-watershed. 
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Details of slot sampler for station 23+00, 
Theobold sub-watershed. 
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Fig. 37 
Details of slot sampler for station 23+00, 
Theobold sub-watershed. 
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Assembly of runoff sampling Installation for station 23+00, 
Theobold sub-watershed. 
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provlded over the wheel and flume, and the flume was fitted to 
the slot sampler thirough a transition plate. These accesso­
ries are shown in Figure 39. 
Collecting tank 
TRie tank provided for holding the sample delivered by the 
wheel is shown In Figure i^ -O. A streamlined shape was provided 
to minimize disturbance of the flow. The capacity of the tank 
is approximately 2? cubic feet. The cover is bolted on and is 
sealed with caulking compound to prevent contamination of the 
sample by the channel flow. 
Support wall 
Vertical placement of the sampler was planned after refer­
ence to flow patterns through similar structures presented by 
Morris and Johnson (21). These patterns were verified by 
tests conducted by the writer in the local laboratory. The 
support wall was designed to hold the slot sampler and the 
sampling wheel above any splash from the stilling pool. The 
uppermost limit of the nappe and of any splash from the 
stilling basin has been superimposed on the assembly drawing 
of Figure 38. The support wall was designed in such a manner 
as to prevent any trash from lodging behind the sample 
collecting tank. Details of the support wall are shown in 
Figure I4.I. The entire assembly was designed to be fastened 
to the notch spillway structure with expansive lead anchors. 
Pig. 39 
Accessory equipment for xninoff sampler assembly 
at station 23-fOO, Theobold sub-watershed. 
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CONCLUSIONS 
1. A narrow slot of constant width extending downstream 
from the crest of a weir notch cannot be expected to take in 
a constant aliquot from an overfalling nappe of varying flow, 
2. The sample taken by such a slot varies in a predict­
able manner. 
3. For a given geometry of the boundaries of such a 
sampling slot, the sampling rate is a linear function of the 
quotient of the critical depth of flow at the crest divided 
by the width of the slot and is independent of the angle the 
slot makes with the horizontal in the range of 5 to 20 
degrees. 
4. The sampling rate of such a slot may be considered 
independent of the Reynolds number, E, in the range R « 1600 
to R « 3600. 
5. The sampling rate for a given width of slot increases 
as the angle between the bounding sides of the slot increases. 
6. The sampling rate increases as the width of the 
sampling slot increases. This increase may be closely 
approximated by a linear function. 
7. The function relating the sampling rate to the criti­
cal depth and the slot width may be used in conjunction with 
the geometry of the nappe to predict the dimensions of a slot 
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of varying width which will take a constant aliquot of the 
flow over a weir crest. 
S. A slot between sides bounded by an angle as small as 
20 degrees will be kept clean of trash by the action of the 
nappe. 
9. A sampler designed in accordance with item 7 above 
appears adaptable to sediment load studies of runoff from 
areas ranging from a few acres to several thousand acres. 
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SUGGESTIONS FOR FURTHER WORK 
The operation of the field installation of the sampling 
assembly should be observed closely. The validity of the 
extrapolation from a critical depth of 0.635 foot to 2.7^  feet 
should be checked by cc^ paring the actual sample size obtained 
in the field with the predicted sample size* This check 
should also be made by comparing the observed field sampling 
rates with current meter measurements of flow through the 
notch or with flow estimates based on the stage recorder 
record, over a range of flow rates. The possible influence of 
d^ /d (the ratio of critical depth to actual depth of flow over 
the crest) should be investigated* This would in effect be an 
investigation of the influence of approach conditions in the 
channel on the sampling rate. 
Hand sampling of the flow through the notch should be 
carried on during the first few runoff periods. Sediment 
concentrations obtained in hand samples should be compared 
with sediment concentrations in the sample collecting tank. 
Such observations will give information valuable in determining 
the best lateral placement of the slot sampler in a structure. 
These observations %d.ll also be valuable in determining if the 
sediment concentration in water entering the sampler is the 
same as the sediment concentration in water approaching the 
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sampler slot. 
Attention should be given to possible applications of the 
slot sampler to situations other than that specifically con­
sidered in this study. Particularly important will be the 
adaption of this type of sampler to structures other than the 
drop spillway. One structure to which this type of sampler 
appears applicable is the chute spillway. Adaption of the 
sampler to a variety of structures will enhance the value of 
the technique for such studies as determinations of sediment 
loads from untreated watersheds, measurement of the trap 
efficiency of reserroirs, and studies of changes in sediment 
loads as runoff proceeds through watershed areas. 
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3UMMARY 
Much of the justification for expensive flood control 
programs on sub-watersheds in the Little Sioux river basin of 
western Iowa rests on reduction of sediment loads carried into 
the river bottoms. Little factual information is available 
relative to the effectiveness of this program in reducing such 
sediment loads. The Iowa Agricultural Experiment Station is 
cooperating with the Soil Conservation Service in a research 
program designed to measure the effectiveness of these flood 
control measures. As this research program developed, a tech­
nique of runoff sampling particularly adapted to flows from 
areas of the order of 1000 acres was needed. No such tech­
nique was available. 
An apparatus for sampling runoff from these areas was 
developed. The equipment consists of a narrow slot in a 
conduit placed so as to extend downstream from the crest of a 
drop spillway, a sampling wheel which takes l/lOO of the dis­
charge from this conduit, and a tank in which the sample taken 
by the wheel is stored. Extensive laboratory tests gave 
information upon which to base the design of a slotted conduit 
to take l/lOO of the flow through a one foot width of weir 
notch. The slot is formed by the intersection of two sides 
of the conduit which bound an angle of 60 degrees. The width 
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of the slot yaries in accordance with the expression 
b g  =  0 . 0 0 4 2 0 x  4  0 . 0 0 4 3 7  
where: 
X s the horizontal distance measured downstream 
from the crest of the notch. 
b a width of the slot. 
s 
This defines the width of the slot for a conduit depressed 10 
degrees from the horizontal and originating 0.08 foot below 
the crest of the spillway. 
Laboratory tests of such a conduit gave a sample ranging 
from 1/97 to 1/105 of the flow through a one foot section of 
notch through a range of flow up to 3 cubic feet per second 
per foot of notch. For field installation it was necessary to 
extrapolate to 26 cubic feet per second per foot of notch. 
At this writing a sampler assembly has been constructed 
for station 23400 of the Theobold sub-watershed, Woodbury 
County, Iowa, This sampler will be installed in a drop 
spillway structure having a 30 foot notch width. Sediment 
measurements obtained will be used in conjunction with rain­
fall and runoff data obtained from the watershed for 
evaluation of the effectiveness of erosion and flood control 
measures. 
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